Background We had previously demonstrated that guanfacine, an α2a-adrenergic agonist, attenuated the effect of stress on smoking-lapse behavior in regular daily smokers. Heart rate variability (HRV), a measure of vagal activity, may be a potential mechanism underlying the relationship between stress, smoking, and relapse. Methods We examined whether guanfacine (0 mg/day vs. 3 mg/day; n = 26) altered changes in high-frequency heart rate variability (HF-HRV) following stress and ad-lib smoking using a validated laboratory analogue of smoking-lapse behavior. All participants completed a parent study evaluating the effects of guanfacine on stress-precipitated smoking. Each subject completed two laboratory sessions assessing the effects of guanfacine on HF-HRV following stress imagery (vs. neutral imagery; order counterbalanced) and smoking. Results Results demonstrated that guanfacine did not increase tonic levels of HF-HRV relative to placebo. Following the stress versus neutral imagery manipulation (prior to ad-lib smoking), there were no significant changes in HF-HRV in the placebo group. In contrast, guanfacine increased phasic HF-HRV following stress imagery and decreased HF-HRV following neutral imagery. Ad libitum smoking following both the stress and neutral conditions decreased HF-HRV in the placebo group across both imagery conditions. In contrast, guanfacine attenuated stress-and smoking-related decreases in phasic HF-HRV relative to the neutral imagery condition. Conclusions This is the first demonstration that a noradrenergic target altered dynamic changes in HF-HRV in response to stress and smoking, suggesting that guanfacine alters HF-HRV response to stress. Findings support current theories which suggest that phasic changes in HRV are an important marker of the stress response.
Introduction
Tobacco use is a global epidemic and the leading cause of preventable morbidity and mortality worldwide (World Health Organization 2014) , and current cigarette smoking prevalence among US adults was approximately 16.8% in 2014 (Centers for Disease Control and Prevention 2015) . Despite the extensive medical and financial consequences, smokers often fail to maintain long-term abstinence and relapse to tobacco use remains high, such that approximately 70% of cigarette users relapse to smoking within 1 year, even with the most efficacious treatments (Jorenby et al. 2006) . One of the principal mechanisms associated with the initiation, maintenance of, and relapse to smoking is stress (al'Absi 2006; McKee et al. 2003) . Cigarette users (35-100%) selfreport stress and negative affect as causal factors when recounting relapse episodes (Borland 1990; Brandon 1994; Shiffman 1982) , and measures of smoking lapse behavior indicate that quick increases in negative affect were predictive of relapse to cigarette smoking (Ferguson and Shiffman 2014) . Acute stress has also been shown to reduce the ability to resist smoking, increase the intensity of smoking, and increase craving and physiologic activity in daily smokers (McKee et al. 2011) . Thus, targeting stress-related mechanisms underlying relapse to cigarette smoking may be of therapeutic benefit.
Heart rate variability (HRV), changes in time between beatto-beat intervals, can be used as a measure of cardiovascular sympathetic autonomic activity and is thought to reflect vagal reactivity and autonomic nervous system flexibility (Berntson et al. 1997) . The high frequency range (HF-HRV; 0.15-0.4 Hz), mediated by the release of acetylcholine from the vagus nerve and possibly influenced by both cholinergic and adrenergic activity (Ahmed et al. 1994; Yeragani et al. 1993) , reflects beat-to-beat vagal activity as well as variation in vagal effects on respiration and heart rate during a breathing cycle (Akselrod et al. 1981; Berntson et al. 1997) . HF-HRV is often used as an index of parasympathetic functioning, reflecting the ability of the body to downregulate sympathetic activation and may be a potential marker underlying the relationship between stress and smoking. Dysregulated sympathetic autonomic activity is thought to reflect pathological states . Specifically, lower tonic HRV has been associated with higher susceptibility to morbidity and mortality. A recent meta-analysis confirmed findings that there are substantial reductions in HRVacross psychiatric disorders, including substance dependence (Alvares et al. 2016) . Conversely, higher tonic HRV has been associated with healthier physiological profiles (Berntson et al. 2008; Friedman 2007; Thayer et al. 2010; Udo et al. 2014) .
Consequently, theories posited by Thayer and colleagues (Thayer et al. 2012) suggest that appropriate context-and goal-oriented emotionality and self-regulation is reflective of tonic, or resting, HRV. Higher tonic HRV is correlated with an ability to better adapt to stress (Park et al. 2014) . The role of phasic HRV, changes in HRV in response to a stimulus, is less clear, but there is an indication that phasic HRV serves as a protective function in response to stressors (Park et al. 2014) . Along with higher tonic HRV, higher phasic HRV is related to successful regulatory control (Park et al. 2014) . For example, recovering alcoholics exhibit increased phasic HRV when exposed to alcohol cues only if they later reported an increased ability to resist drinking (Ingjaldsson et al. 2003) . With regard to tobacco use, acute and chronic cigarette smoking has been shown to attenuate phasic HF-HRV (Dinas et al. 2013; Hayano et al. 1990 ). Likewise, laboratory-induced stress and cigarette smoking have been shown to additively decrease phasic HF-HRV and this decrease was associated with less time to initiate smoking (Ashare et al. 2012) , indicating that HRV may be a key target to understanding the physiological basis for the relationship between stress and substance use, particularly smoking.
Guanfacine, an α2-adrenergic receptor agonist that reduces noradrenergic activity, has been shown to block drug-seeking behaviors in both animals and humans (Fox et al. 2012; Le et al. 2011; McKee 2013; McKee et al. 2014 ). In the parent study to the present investigation, guanfacine attenuated the effect of stress on smoking-lapse behavior, decreased ad libitum smoking and tobacco craving, and normalized cortisol responding in smokers ). Guanfacine has also been shown to reduce the number of cigarettes per day following a quit attempt during a 4-week proof-of-concept treatment period in smokers (McKee 2013) and attenuate stress-and cue-induced nicotine craving in early abstinent cocaine-dependent individuals (Fox et al. 2012 ). Taken together, these findings suggest that targeting the noradrenergic system for stress-induced relapse to smoking could be of therapeutic value, potentially elucidating the underlying mechanisms associated with stress-induced smoking behavior. Given the influence of the noradrenergic system on the autonomic nervous system (Sawchenko and Swanson 1981; Svensson 1987) , one mechanism through which guanfacine may reduce stress-precipitated smoking is by reducing sympathetic autonomic activity. Guanfacine acts centrally and has been shown to reduce sympathetic outflow (Van Zwieten et al. 1984) . Thus, guanfacine may reverse or normalize the effect of stress and cigarette smoking on HRV. This mechanism, linking the noradrenergic agent guanfacine to reduced smoking behavior through its influence on sympathetic autonomic activity, has yet to be empirically tested.
Using a well-established laboratory paradigm of stressprecipitated smoking-lapse behavior McKee et al. 2011) , we assessed whether guanfacine would alter HRV in smokers as a secondary analysis to our primary study ). To our knowledge, this is the first study to examine the effects of a noradrenergic agent on HRV during stress-precipitated smoking. It was hypothesized that guanfacine would increase tonic levels of HF-HRV in smokers and increase phasic response of HF-HRV following stress versus neutral imagery, elucidating a potential mechanism underlying the effects of guanfacine on stress-precipitated smoking. We based our hypothesis on previous findings from our laboratory that HF-HRV is additively decreased by stress and ad libitum smoking (Ashare et al. 2012) and that guanfacine improves physiologic reactivity and smokinglapse behavior in response to stress in daily smokers ).
Materials and methods

Participants
Participants were consented for the parent study ) and the current protocol at the same time. Of the n = 33 subjects who completed the parent study, n = 26 consented to the collection of HRV during the laboratory sessions.
Participants were 18-60 years of age, smoked at least 10 cigarettes/day, had urine cotinine levels ≥150 ng/ml, and were normotensive (sitting BP >90/60 and <160/100 mmHG). Exclusion criteria included past 6-month axis-I psychiatric disorders (except nicotine dependence), illicit drug use, treatment for smoking-cessation within the past 6-months, and significant medical conditions or concurrent medicine that would contraindicate smoking behavior, guanfacine administration, or HRV assessment. Participants were not taking any psychotropic medications and did not have any significant cardiac, pulmonary, or endocrine disorders. Eligibility screening included a physical examination, an EKG, and basic blood chemistries. For a detailed description of eligibility screening, see McKee et al. (2014) .
Guanfacine treatment
The medication condition was double-blind and placebo-controlled. Randomization to guanfacine (3 mg/day) or a matching placebo (0 mg/day) was stratified by gender. Three milligrams per day immediate-release guanfacine was used in the parent study due to previous findings that this dose attenuates nicotine craving in cocaine-dependent smokers, with minimal side effects (Fox et al. 2012) . Guanfacine was administered twice daily and titrated to steady-state levels over 21 days (0.5 mg days 1-3, 1.5 mg days 4-7, 2 mg days 8-12, 2.5 mg days 13-15, 3 mg days 16-21). Thereafter, subjects were maintained at 3 mg/day guanfacine or placebo through the completion of both laboratory sessions. The laboratory sessions were conducted 1-7 days apart.
Procedures
Intake sessions
This study was approved by the Yale Human Investigations Committee, and written informed consent was obtained from all the participants at the start of the intake session. The Structured Clinical Interview for DSM-IV (First et al. 1995) was used to assess current psychiatric disorders (except nicotine dependence). The timeline followback (Toll et al. 2005) was used to assess past 30-day smoking behavior. The Fagerström nicotine dependence test (FTND) (Heatherton et al. 1991) , expired breath carbon monoxide (CO) levels, and urine pregnancy and urine drug screens were also assessed at intake.
Script development session
A personalized guided imagery procedure was used to induce the stress and neutral conditions (McKee et al. 2011; Sinha 2009 ). The stress imagery script was developed by having participants provide a detailed description of a personal stressful experience that occurred in the last 6 months that they perceived as Bmost stressful.^Perceived stress was rated on a 10-point Likert scale where 1 = Bnot at all stressful^and 10 = Bthe most stress they recently felt in their life.^Only situations rated as 8 or higher were accepted as appropriate for script development. A neutral-relaxing script was developed from participants' description of a personal relaxing situation. Scripts were developed by a PhD-level clinician, narrated and audiotaped for presentation during the laboratory sessions, and were approximately 5 min in length.
Laboratory sessions
Participants individually completed two 6.5-h laboratory sessions (stress vs. neutral imagery; order counterbalanced). The current laboratory paradigm has been validated using various relapse precipitants, including alcohol (McKee et al. 2006) and stress (McKee et al. 2011) . Additional details of the study design and results from the effects of guanfacine on smoking behavior have been presented previously in the parent study, which included the 26 participants reported here .
Baseline assessment period Laboratory sessions started at 9:00 am. Participants were asked to refrain from smoking beginning at 10:00 pm the previous night, which was confirmed with a CO reading of less than 50% of their baseline CO level (Kahler et al. 2012; Odum et al. 2002) . Guanfacine (1.5 mg) or placebo was administered at 10:00 am, and participants were provided with a standardized lunch at 11:15 am to control for time since last food consumption. From 10:00 am to 12:30 pm, subjects were able to watch television or read.
Personalized imagery procedure During the laboratory session at 12:55 pm (~15 h after their last cigarette), participants were given the following instructions for guided imagery in each of the stress and neutral-relaxing conditions: BYou will soon hear a situation being described to you. Your task is to close your eyes and imagine yourself in the situation being described, as if it were happening right now. Allow yourself to become completely involved in the situation, by involving your mind and body in actually doing what is being described. Continue imagining until you are asked to stop.^The participant then listened to the script (stress or neutral-relaxing) via headphones.
Delay and smoking self-administration period At 1:10 pm, participants were presented with a tray containing eight cigarettes of their preferred brand, a lighter, and an ashtray. Participants were told that they could smoke at any time over the next 50 min. However, for each 5-min block of time in which they delayed or Bresisted^smoking, they would earn $1 for a maximum of $10. Time when subjects announced they wanted to smoke (range 0-50 min) was recorded. Once the participant self-terminated the delay period (or reached 50 min), the 60-min ad-lib smoking session started. Participants were instructed to Bsmoke as much or as little as they wished.^Subjects were discharged at 3:15 pm.
Timing of assessments HRV was recorded continuously beginning at 10:00 am until participants were discharged at 3:15 pm. The length of the delay period (i.e., time to initiate smoking), number of cigarettes smoked during the ad-lib period, and tobacco craving were collected and reported elsewhere ).
Measures
Heart rate variability An ambulatory electrocardiography (ECG) monitor (Holter; GE Marquette SEER digital system) was used to record heart rhythm during the session. Recordings were digitally sampled and analyzed using a GE-Marquette system. Tapes were manually reviewed to identify R-R intervals with annotations denoting normal beats, types of ectopics, and noise and then processed and analyzed with customized software as in prior work (Bigger et al. 1992; Lampert et al. 2005) . Recordings with greater than 20% interpolated segments were excluded from further analysis. The R-R interval time series were sampled using a box-car window (Berger et al. 1986 ) to obtain 1024 samples per 5 min (3.41333 Hz). The power spectra were calculated using Fourier analysis with a Parzen window on 4-min segments with a 1-min sliding window, corrected for attenuation due to windowing and sampling (Hamming 1973) , and integrated over five standard frequency bands (Bigger et al. 1992) . High-frequency power (HF; 0.15 to 0.40 Hz), a marker of parasympathetic activity (Akselrod et al. 1981; Pagani et al. 1986) , was compared between guanfacine and placebo groups. Following the imagery presentation, we calculated the average HF power band for a 5-min period (before cigarettes were presented). During the ad libitum smoking period, we calculated the average HF power band for a 15-min period during the smoking of the first cigarette for smokers only. The natural log of the average value of HF-HRV was the primary dependent variable. Baseline values were calculated as the natural log of the average value of HF-HRV over the 30 min prior to the imagery condition (Berntson et al. 1997 ). See Fig. 1 for a timeline of laboratory procedures to evaluate HF-HRV following stress (or neutral) imagery and smoking self-administration.
Statistical analysis
Multivariate analyses of variance were used to examine change scores by imagery condition (stress, neutral-relaxing) and medication condition (guanfacine, placebo) on HF-HRV following the imagery condition (vs. pre-imagery baseline) and following the ad-lib smoking period (vs. post-imagery levels). Age was controlled in the analyses as it is known to affect HRV (Ryan et al. 1994 ) and substantially reduce residuals. Sex, FTND, and cigarettes per day were also evaluated as covariates, and were retained if they reduced residual variance, or were otherwise excluded. We conducted exploratory analysis to evaluate whether change in HF-HRV from pre-to post-imagery was predictive of the number of cigarettes smoked during the ad-lib period and time to initial cigarette. Separate regression analysis assessed interactions between change in HF-HRV and medication on the number of cigarettes smoked following stress and neutral-relaxing imagery. Significant interactions were described using correlations. Fig. 1 Timeline of laboratory procedures to evaluate HF-HRV following stress (or neutral) imagery and smoking self-administration. Note: Baseline HF-HRV was collected over the 30 min prior to the start of the imagery procedure. Following the imagery procedure, HF-HRV was collected for a 5-min period (prior to cigarette presentation). During the self-administration period, HF-HRV was collected for a 15-min period during the smoking of the first cigarette
Results
Baseline characteristics
Guanfacine (3 mg/day) and placebo groups were wellmatched for baseline demographic variables and smoking behavior (see Table 1 ). Participants were primarily Caucasian, high school educated, and moderately nicotine-dependent (FTND). Mean CO levels at the start of the laboratory sessions (9:00 am) were 13.12 (SE = 1.392) and 12.09 (SE = 1.095) for the stress and neutral-relaxing conditions, respectively, and values did not differ by medication.
Heart rate variability
At baseline and preceding personalized imagery exposure, tonic HF-HRV did not differ by medication randomization group (guanfacine mean = 6.86 (SE = 0.3), placebo mean = 6.51, (SE = 0.32); F 1,24 = 0.65, p = 0.43). Following personalized imagery exposure, HRV demonstrated a significant condition by medication interaction (F 1,23 = 4.3, p = 0.049; Cohen's d = 0.86; see Fig. 2 ). In the placebo group, there were no differences in phasic HF-HRV across stress and neutral imagery conditions. In contrast, guanfacine increased phasic HF-HRV following stress imagery and decreased HF-HRV following neutral imagery. Following personalized imagery exposure and ad libitum smoking, HF-HRV demonstrated a significant condition by medication interaction (F 1,15 = 25.42, p < 0.0001; Cohen's d = 2.60; see Fig. 2 ). In the placebo group, stress and ad libitum smoking additively decreased phasic HF-HRV across imagery conditions. In contrast, guanfacine attenuated stress-and smoking-related decreases in phasic HF-HRV, and this effect was specific to stress relative to neutral imagery.
Secondary outcomes
On average, individuals who decided to smoke smoked within 1 min of the start of the ad libitum smoking self-administration period. The number of cigarettes smoked ranged from 0 to 4 for both the stress and neutral-relaxing sessions (stress mean = 1.70 (SE = 0.21) and neutral-relaxing mean = 1.45 (SE = 0.21)).
Prior to smoking, HF-HRV demonstrated a significant condition by medication interaction (t = −2.38, p = 0.03), such that greater increases in phasic HF-HRV following stress imagery were predictive of less cigarettes smoked in the ad libitum smoking phase in the guanfacine-treated group only (r = −0.56, p < .05). In contrast, there was no relationship between change in HRV and cigarettes smoked in the placebo group. There was no relationship between change in HRV and time to initial cigarette.
Discussion
To our knowledge, this is the first examination of the effects of the noradrenergic agent guanfacine on HF-HRV during stressprecipitated smoking. Overall, findings demonstrated that guanfacine produced phasic changes in HF-HRV in response to stress, but did not change baseline or tonic levels. Using a validated human laboratory analogue of smoking-lapse behavior , we demonstrated that smokers in the placebo group exhibited blunted HF-HRV in response to stress, whereas guanfacine increased HF-HRV following stress, supporting our hypothesis. Prior work on HF-HRV as an index of stress indicates that the greater change in state or phasic HF-HRV following stress is indicative of the successful regulation of an emotional or stress response (Thayer et al. 2012) . Thus, increases in phasic HF-HRV following stress may predict better smoking outcomes in regular daily smokers. Indeed, the present study demonstrated that guanfacine increased HF-HRV following stress versus the neutral imagery condition. Further, this increase in HF-HRV was associated with later decreases in the number of cigarettes smoked during the ad libitum smoking period. Whereas some previous work has suggested that decreases rather than increases in HF-HRV in response to stress are indicative of better regulatory functioning, our findings suggest that increases in HF-HRV may result in more favorable regulatory functioning in response to stress, especially given the observed relation between increased HF-HRV and fewer cigarettes smoked in the guanfacine-treated group. We did not find a significant relationship between change in HF-HRV from pre-to post-imagery and time to initial cigarette. However, previous findings from our laboratory indicate that decreased phasic HF-HRV following stress and cigarette smoking was associated with less time to initiate smoking (Ashare et al., 2012) . Guanfacine also reduced HF-HRV following neutralrelaxing imagery, indicating a reduction in phasic HF-HRV during a relaxing state. It is unclear why guanfacine decreased HF-HRV following neutral-relaxing imagery. Future work is needed to address the effect of guanfacine on HF-HRV during neutral-relaxing states and to elucidate the relationship between HF-HRV and time to initiate smoking. Overall, daily smokers treated with guanfacine may have more physiological flexibility to respond to stress leading to reduced vulnerability to smoking relapse. The parent investigation to the present study demonstrated that guanfacine, which attenuates noradrenergic activity and stress reactivity, increased the ability to resist smoking and decreased ad libitum smoking . This is in agreement with other substance abuse work demonstrating that recovering alcoholics who had an increased ability to resist drinking also exhibited increases in phasic HRV (Ingjaldsson et al. 2003) .
In contrast, placebo findings in our sample of smokers demonstrated blunted HF-HRV levels in response to stress, consistent with our prior findings (Ashare et al. 2012 ). In addition to blunted HF-HRV, smokers also demonstrate dysregulated, or blunted, hypothalamic pituitary adrenal (HPA)-axis activation after chronic nicotine exposure, which may reflect a reduced ability to respond to stress and increased risk for relapse (al'Absi 2006; al'Absi et al. 2003; al'Absi et al. 2005; al'Absi et al. 2015; Baron et al. 1995; Childs and de Wit 2009) . Preclinical and clinical findings support this notion, indicating that dysregulated autonomic function is predictive of relapse to drug use (Junghanns et al. 2003; Koob 2008) . It is likely that chronic nicotine exposure may contribute to chronic autonomic dysregulation across stress systems, reducing the physiological capacity to respond to stress. Our findings suggest that reduced HF-HRV in the placebo group may be reflective of blunted vagal reactivity and that this reduction in autonomic nervous system flexibility may be related to poorer smoking outcomes following stress exposure.
With regard to HF-HRV following stress and ad libitum smoking, we demonstrated that stress and ad libitum smoking additively decreased HF-HRV in the placebo group and that decreases in HF-HRV were demonstrated across imagery conditions. In contrast, guanfacine attenuated decreases in HF-HRV following stress and ad libitum smoking, suggesting that guanfacine improves autonomic flexibility. This effect of guanfacine was specific to the stress imagery condition versus neutral imagery. This is consistent with, and extends, previous findings that stress and ad libitum smoking additively decreased HF-HRV in nicotine-dependent smokers (Ashare et al. 2012) and that low HRV is associated with mortality and may be a marker for disease (Thayer et al. 2012; Thayer et al. 2010) . Further, the ability of guanfacine to alter the effect of stress and cigarette smoking on HF-HRV may be one mechanism by which guanfacine reduces stress-precipitated smoking behavior, as demonstrated in the parent study to the present investigation . Alternatively, because HF-HRV was measured following stress rather than during, it is possible that decreases in HF-HRV following stress and ad libitum smoking in the placebo group may be reflective of a dysregulated ability to regulate stress. Thus, the attenuation of decreases in HF-HRV following stress and smoking in the guanfacine group may be reflective of a recovery of these regulatory processes. It is also possible that the observed effects of guanfacine on HF-HRV in response to stress are likely indirect considering that guanfacine reduces centrally mediated sympathetic nervous system outflow and that parasympathetic nervous system outflow does not necessarily correspondingly change (Berntson et al. 1991) . Thayer et al. (2012) also posits that tonic (resting) HF-HRV may be a marker for dynamic flexibility of sympathetic autonomic activity. Higher tonic HRV has been associated with an increased ability to make context-appropriate emotional responses (Ruiz-Padial et al. 2003) , whereas low tonic HRV has been associated with a delayed response to stress (Thayer et al. 2012; Weber et al. 2010) . In the present investigation, we found no differences in tonic HF-HRV between medication groups at baseline and preceding imagery exposure, indicating that tonic HF-HRV in smokers may not be altered by guanfacine following 21 days of treatment, counter to our hypothesis. Individuals who were post-myocardial infarction optimized to β-adrenergic antagonists displayed increased HRV following 12 months of treatment (Jokinen et al. 2003) . Similarly, 4 to 6 months of treatment with sertraline, a selective serotonin reuptake inhibitor (SSRI), for depression increased HRV (Glassman et al. 2007; McFarlane et al. 2001) . Both cardiac events and depression are known to suppress HRV, and longer-term medication treatment, 16 weeks and up to 12 months of treatment, for those conditions improved tonic HRV. It is possible that longer-term guanfacine treatment versus the 3-week treatment period used in the current study, may also improve tonic HRV levels. Future work is needed to investigate the effects of extended guanfacine treatment on stress and HRV in a sample of regular daily smokers.
There are several limitations of the present investigation that warrant mention. As this was a secondary investigation, the sample size was relatively modest. However, the sample size is comparable to other laboratory studies of stress in smokers , and medication effects on HF-HRV were significant. Nonetheless, it will be important to replicate findings with a larger sample size. Another possible limitation is that respiration was not controlled. However, the rate of respiration may not have a strong impact on HF-HRV reactivity to experimental manipulation in the laboratory. Subjects were relatively sedentary throughout each laboratory session and were not subjected to postural changes, which may alter respiration (Cacioppo et al. 1994) . Previous work has demonstrated that slow-paced breathing and simple mental activities that cause changes in respiration frequency may affect HF-HRV (Bernardi et al. 2000; Song and Lehrer 2003) , but that stress-induced HF-HRV does not differ between controlled and spontaneous breathing (Bernardi et al. 2000; Madden and Savard 1995; Pagani et al. 1991) . Third, the manner in which cigarettes were smoked, including manner of inhalation, may have affected HF-HRV. Future work is needed to investigate the effects of smoking inhalation and respiration frequency on HF-HRV in the human laboratory. Fourth, while we demonstrated that guanfacine may have no effect on baseline (or tonic) levels of HF-HRV during the laboratory sessions, we did not have a pre-medication treatment baseline. Further, the use of guanfacine to alter or normalize the effect of stress and smoking on HF-HRV may not be invariably adaptive since decreases in HF-HRV in response to stress are thought to promote an allocation of attentional resources to adapt to or Bsolve^a stressful situation, and preventing such a response may inhibit appropriate Bproblem-solving^in response to stress and, ultimately, may not be beneficial. Lastly, recordings with greater than 20% interpolated segments were excluded from further analysis. While this threshold may be high, it is incorporated into the software package that was used to process and analyze the HF-HRV data, and we have previously used this threshold to assess HF-HRV in our laboratory (Ashare et al., 2012; Udo et al., 2014) .
Overall, results indicate that guanfacine may be of potential pharmacotherapeutic benefit for smoking cessation. Using a human laboratory paradigm of smokinglapse behavior, we demonstrated for the first time that guanfacine significantly increased phasic HF-HRV following stress in regular daily smokers and may improve autonomic flexibility in response to stress and smoking. Our findings extend clinical results demonstrating that stress and smoking additively decrease HF-HRV in nicotine-dependent individuals and support the notion that phasic changes in HRV may be an important marker of the stress response and smoking. These findings support further development of the use of guanfacine for stress-precipitated smoking behavior.
